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A B S T R A C T
Purpose: The aim of the study was to report the seizure outcome, motor skills and adaptive motor
functions in a series of children and adolescents who underwent hemispheric surgery, analysing the risk-
beneﬁts of surgery.
Methods: The clinical course, seizure and motor function outcomes of 15 patients who underwent
hemispheric surgery were reviewed.
Results: The mean age at surgery was 9.5, with 1–9 years follow-up. The underlying pathologies were
Rasmussen encephalitis, vascular disorders, and hemimegalencephaly. All the patients presented with
severe epilepsy and different degrees of hemiparesis, although motor functionality was preserved in 80%
of the patients. At last follow-up, 67% were seizure free, and 20% rarely experienced seizures.
Antiepileptic drugs were reduced in 60%, and complete withdrawal from such drugs was successful in
20% of the patients. The motor outcome following the surgery varied between the patients.
Despite the motor deﬁcit after surgery, the post-operative motor function showed unchanged for
gross motor function in most (60%), while 27% improved. Similar results were obtained for the ability to
handle objects in daily life activities. Sixty percent of the children were capable of handling objects, with
somewhat reduced coordination and/or motor speed.
Conclusion: Pre-surgical motor function continues to play a role in the pre-surgical evaluation process in
order to provide a baseline for outcome. Hemispheric surgery, once regarded as a radical intervention
and last treatment resource, may become routinely indicated for refractory hemispheric epilepsy in
children and adolescents, with oftentime favourable motor outcomes.
 2013 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
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jou r nal h o mep age: w ww.els evier . co m/lo c ate /ys eiz1. Introduction
Hemispheric surgery (HS) is an established treatment for
medically refractory epilepsy resulting from diffuse hemispheric
disease, and it provides remarkable results in seizure outcome and
quality of life.1–3
HS can be considered for patients with seizures arising from one
hemisphere, with pre-existing structural and functional abnor-
malities; the other hemisphere is usually normal. This approach is* Corresponding author. Tel.: +55 11 55764136; fax: +55 11 3888 2220.
E-mail address: anahamad@gmail.com (A.P. Hamad).
1059-1311/$ – see front matter  2013 British Epilepsy Association. Published by Else
http://dx.doi.org/10.1016/j.seizure.2013.06.001particularly suitable for those with pre-existing hemiplegia and
visual ﬁeld deﬁcit, in whom coexisting cognitive and behavioural
impairments are common.4 HS may be offered to patients without
such disabilities, especially in circumstances in which intractable
seizures are accompanied by the deterioration of motor and
intellectual skills and in cases in which more conservative
resections are unsuccessful.4,5
The decision making process and consideration of baseline
motor function during the presurgical evaluation of patients
considered for HS differs among epilepsy surgery centres. Certain
centres are more conservative, limiting surgery to patients with
preoperative hemiparesis.2,6 On the other hand, surgery may be
indicated in patients with or without minor motor deﬁcits.1,4,5,7,8vier Ltd. All rights reserved.
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function may prevent a decision to perform the surgery.9
The objective of this study is to report the seizure outcome,
motor skills and adaptive motor functions in a series of children
and adolescents who underwent HS at our centre, analysing the
risks (residual motor deﬁcit) and beneﬁts (seizure reduction) of
surgery.
2. Methods
We conducted a retrospective review of medical records in 15
children and adolescents (9 males) who underwent HS at Hospital
Sa˜o Paulo, Universidade Federal de Sa˜o Paulo, between 2003 and
2011. The patients were assessed using a standard presurgical
protocol, including clinical, neuroimaging and neurophysiological
evaluations. Detailed clinical data were obtained from the patients
and their families. All patients were examined by high-resolution
magnetic resonance imaging and prolonged video-EEG recording.
In the cases in which surgical treatment was indicated, the data
were discussed during an interdisciplinary meeting. The records of
the motor evaluation of muscle strength and motor function
abilities, including the ability to sit, walk, and use both hands were
reviewed, and these data were collected. The pre- and post-
operative motor functions were assessed for presence and severity
of hemiparesis. The muscle strength of the extremities was scored
by manual muscle testing, with grades from 0 to 5. The functional
level of each patient was evaluated through the Gross Motor
Function Classiﬁcation System (GMFCS) and the Manual Ability
Classiﬁcation System (MACS), which classify patients’ movement
and manual abilities, respectively. These scores were recorded in
the charts or inferred by the available data.10,11
The GMFCS determines which of the ﬁve levels best corre-
sponds to abilities and limitations in gross motor function, with
particular emphasis on sitting (truncal control) and walking: level I
denotes patients who walk without limitations, and level V
indicates those with severe limitations of head and trunk control
who require extensive assisted technology and physical assis-
tance.10
The MACS scale is used to assess a patient for coordination in
both hands working together; it is not an assessment of each hand
taken separately. The ﬁve levels are based on a patient’s self-
initiated ability to handle objects and need for assistance or
adaptation to perform manual activities in daily life. The patients
classiﬁed at level I handle objects easily and successfully, whereas
the patients classiﬁed at level V do not handle objects, have a
severely limited ability to perform simple actions and require
complete assistance.11Table 1
Clinical data and pre- and post-operative muscle strength in upper and lower limbs.
Age at surgerya Pathology Follow-upa Engel Class 
1 2.3 RE 9 I 
2 1.3 Vascular 9 I 
3 5.8 Vascular 9 II 
4 10.8 RE 4.4 I 
5 3.3 HME 1 II 
6 13.6 Vascular 4 III 
7 9.4 RE 3.6 I 
8 4.9 RE 3.6 I 
9 11.3 Vascular 3 III 
10 6.3 Vascular 3 I 
11 6.2 RE 2 I 
12 5.6 RE 2 I 
13 3.5 RE 2 II 
14 3 RE 2 I 
15 16 RE 1 I 
a In years; MS-UL: muscle strength upper limb; MS-LL: muscle strength lower limb; HThe Fisher exact test was used to compare the results of the pre-
and post-operative GMFCS and MAC’s scores, grouped according to
motor adaptive functions (Group A: satisfactory scores – levels I, II
or III; Group B: unsatisfactory scores – levels IV or V).
Seizure outcome was assessed using the Engel scale of seizure
outcome after epilepsy surgery.12
During the postsurgical appointments, each parent was asked
which grade of satisfaction he/she would attribute to the surgical
intervention (from zero, minimum satisfaction, to 10, maximum
satisfaction) regarding the seizure outcome and cognitive/motor
functions in his or her child.
3. Results
3.1. Patients and pre-operative data
The age at seizure onset ranged from 18 days to 7 years (mean
3.1/median 3 years). The age at surgery varied between 1.3 and 16
years (mean 9.5/median 5.8), and the epilepsy duration was 0.2–14
years (mean 5.9/median 2). The post-operative follow-up period
ranged from 1 to 9 years (mean 4/median 3) and the follow-up was
longer than 2 years in two-thirds of the patients (Table 1).
The underlying pathology was Rasmussen encephalitis in nine
patients (60%), vascular disorders in ﬁve patients (33%) and
hemimegalencephaly in one patient (7%). The left hemisphere was
involved in ten cases (67%) (Table 1).
Fifteen patients had daily seizures, and nine had epilepsia
partialis continua. Fourteen patients were treated with antiepilep-
tic drug (AED) polytherapy, and six had received previous
immunomodulatory treatment.
All the patients presented with at least a mild level of
hemiparesis, although it was not pronounced in one-half of the
patients. Eight patients (53%) had a score of 3 or higher for muscle
strength (Table 1). In six patients (40%), ﬁne ﬁnger movements
were preserved. The GMFCS and MACS scores are shown in
Graphics 1 and 2.
3.2. Operative and complications – potential risks
In 14 patients (93%), a hemispherotomy was performed. One
patient had undergone a previous surgery, and hence hemispher-
ectomy was indicated. Mild intra- and/or post-operative compli-
cations were reported in all the patients, including minor bleeding
and fever. Moderate reversible complications were observed as
follows: infections (3 patients), ipsilateral vascular ischaemia (1),
diabetes insipidus (1), lung atelectasis (1), and trigeminal
neuralgia (1).MS-UL Pre-HS MS-UL Post-HS MS-LL Pre-HS MS-LL Post-HS
4 5 3 4
1 2 2 2
3 4 3 4
4 4 3 4
2 2 2 3
2 3 2 3
4 4 3 4
4 3 3 4
3 4 3 3
4 4 3 4
2 3 3 4
2 3 2 3
2 2 3 3
2 4 3 4
4 3 2 4
S: hemispheric surgery; RE: Rasmussen encephalitis; HME: hemimegalencephaly.
Graphic 1. Pre- and post-operative Gross Motor Function Classiﬁcation System
(GMFCS) scores. Level I: Walks without restrictions, limitations in more advanced
gross motor skills. Level II: Walks without restrictions, limitations walking outdoors
and in the community. Level III: Walks with assistive mobility devices, limitations
walking outdoors and in community. Level IV: Self mobility with limitations,
children are transported or use power mobility outdoors and in the community.
Level V: Self mobility is severely limited, even with use of assistive technology.
Graphic 2. Pre- and post-operative Manual Ability Classiﬁcation System (MACS)
scores. Level I: Handles objects easily and successfully. Level II: Handles most objects
but with somewhat reduced quality and/or speed of achievement. Level III: Handles
objects with difﬁculty, needs help to prepare and/or modify activities. Level IV:
Handles a limited selection of easily managed objects in adapted situations. Level V:
Does not handle objects and has very limited ability to perform even simple actions.
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At the last post-operative follow-up appointment (1–9 years of
follow-up, mean 4 years), 67% of the patients were seizure free, and
87% were classiﬁed as Engel Class I or II. The worst outcome (Engel
Class III) was observed in patients 6 (13.6 years at surgery) and 9
(11.3 years). Both of these patients had an underlying vascular
lesion as, and their epilepsy duration was 9.6 and 11 years,
respectively. Two patients were lost to follow-up. The other
patients remained stable with regards to seizure outcome over
time, with the exception of patient 3, who went from Engel Class I
to II after two years of follow-up.
In the immediate post-operative period, all the patients
continued taking the identical AED regimen used before surgery.
The AEDs were gradually tapered with safety evaluations
concerning seizure relapse. In nine patients, the level of AED
therapy was reduced by one-half compared to the pre-operative
levels. Complete withdrawal from AED therapy without seizure
relapse was successful in three patients.3.4. Motor function outcome – potential risks
The comparisons between the pre- and post-operative mea-
surements of muscle strength in the upper and lower extremities
are shown in Table 1. The scores reﬂected a post-surgical muscle
strength worsening in 40% and improvement in 27% of the patients
in the upper extremities. With respect to the lower limbs, in 13% of
the patients, the muscle strength decreased; in 33%, it improved;
and in 53% it remained unchanged.
Comparisons for the GMFCS and MACS scores are depicted in
Graphics 1 and 2. The post-operative motor functional levels
decreased in 27% of the patients for gross motor function. Only 27%
of the patients had GMFCS scores higher than level III, indicating
self-mobility with limitations (p = 0.029). Similar ﬁndings were
seen regarding the ability to handle objects in daily life activities.
The two patients who presented post-operative poor scores for the
MACS (levels IV or V – ability to handle a limited selection of easily
managed objects in adapted situations) had poor pre-surgical
MACS scores before the HS (p = 0.01).
3.5. Parents’ satisfaction with surgery – risks and beneﬁts
All parents reported high levels of satisfaction with the surgical
treatment (grades 8–10, mean 9.7)a and 80% attributed grade 10 to
the procedure.
4. Discussion
4.1. Seizure outcome – potential beneﬁts
The results show good seizure outcome in our series, with 67%
of the patients reaching Engel Class I. This ﬁnding is consistent
with other series, in which 52–86% of patients became seizure-free
after short and long-term follow-up.1,2,4–8,13–18 Considering that
these patients presented with daily seizures or epilepsia partialis
continua before surgery, Engel Class II, which corresponds to rare
disabling seizures,12 may be considered good seizure outcome.
This outcome includes 87% of our series, corresponding to
outcomes in the literature with reports of reduction in seizure
frequency varying from 58 to 91%.1,2,4–8,13–18 In this series, the
stability of good seizure outcome during the long-term follow-up
should be emphasised. The limited number of patients precluded
any analysis of the prognostic factors. The worst seizure results
were found in two of the three children who were older than 10 at
the time of surgery and who had long-term epilepsy. In the
majority of the paediatric studies, age at surgery is not considered
to be a predictor of seizure outcome.4,7,16 Kossoff et al. (2003)
found that the duration of epilepsy before surgery was shorter in
the patients who became seizure free, although this ﬁnding did not
reach statistical signiﬁcance. These authors suggest the possibility
that delays should be avoided in patients with intractable
hemispheric seizures.8
In addition to the good seizure outcome, we were able to
withdraw or reduce medications in the majority of our patients.
Considering that children with epilepsy, especially those with
refractory seizures, are at increased risk for cognitive impairment,
at least in part due to long-term AED therapy,19 the possibility of
reducing medications can be considered to be a good result. Other
authors have previously reported this beneﬁt from HS, with no
seizure relapse.7,8,13,16,20
4.2. Motor function outcome – potential risks
Regardless of the favourable seizure outcome after HS and
considering both the severity of the epilepsies in these patients and
the well-known and potentially reversible surgical complications,
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strong reason to postpone surgery, especially in children without
such motor deﬁcits.
4.2.1. Muscle strength
With respect to motor function, at pre-surgical baseline, all of
our patients presented with a degree of hemiparesis, which was
mild or moderate in half of them. In nine patients (60%), the
hemiparesis was disproportionate, more prominent in the upper
limbs, and more severe distally, with impairment of ﬁne ﬁnger
movement. Other authors have observed this disproportionality
among the upper and lower limbs in patients evaluated for HS and
have noted the difference between proximal and distal im-
pairment, which is more severe in the hands.8,9,21–23
The motor function outcome after HS varied between patients
and among the upper and lower limbs. The results were worse in
the measurements of upper extremity muscle strength, in which
the scores reﬂected a further post-surgical loss of power in 40% of
the patients. The scores for the lower limbs remained unchanged in
53% and worsened in 13% of the patients. A degree of muscle
strength improvement was observed in 27% (upper limbs) to 33%
(lower limbs) of the children. These ﬁndings are in accordance with
the literature: post-HS motor strength can improve, remain
unchanged or worsen, and worsening is observed more frequently
in the upper limbs.2,4–9,14,15,17,21–23 Several features are identiﬁed
as predictors for improvement or deterioration in motor function-
ing, including the age at surgery,16,22 postsurgical seizure
remission,4,7,8 the level of pre-operative cognitive develop-
ment,4,16 or previous paresis and/or aetiology.8,9,22,23 Our sample
was too small for statistical analysis aimed at identiﬁcation of
prognostic factors.
4.2.2. Adaptive motor functions
Impairment is deﬁned as a problem in structure leading to
signiﬁcant deviation or loss,24 reﬂecting the consequences of a
disease at the organ level.9 Limitations in activities reﬂect
dysfunction in performance and motor activity, and restrictions
refer to difﬁculties encountered in social participation.9,24
Hemispheric epilepsy in children represent a functional and/or
structural impairment, and seizures can potentially lead to
limitations and restrictions. Despite the motor injury that is a
consequence of HS, the post-operative motor functional levels
showed that the majority of our patients (60%) were unchanged
with respect to gross motor function, while 27% improved. The two
patients who worsened in post-HS GMFCS had Rasmussen
encephalitis. They presented with relatively preserved pre-
operative motor strength (level 4), but a higher potential for
deterioration caused by the progressive evolution of the disease
without surgical treatment.
Equivalent results were obtained for the ability to handle
objects in daily life activities. Although more patients showed a
decrease in this evaluation, which was expected as a consequence
of the HS, 60% of the children were at level II according to the
MACS, indicating that they were capable of handling most objects,
with somewhat reduced quality and/or speed of achievement.11
The two children who did not reach satisfactory scores in the MACS
did not reach them in the GMFCS either because of severe deﬁcits
before surgery.
Our data conﬁrms and expands previous studies. Qualitative
functional analysis2,8,15,17 or the use of international functional
motor scales, including the GMFCS9,16 and the 74 Fugl-Meyer
Assessment of Motor Recovery scale,23 showed similar data.
Kossoff et al. (2003) observed that, except for those with major
perioperative complications, all the patients (93/105) were
walking independently without the use of assist devices, and
the majority of these patients had learned to use one hand as ahelper. Several have adapted to their disability condition so well
that they were able to play the piano, golf, and ping-pong, and were
able to dance.8 The motor impairments, limitations in motor
activities and aspects of social participation exist before HS and
remain unchanged in the majority of cases, with the pre-operative
functionality maintained or improved. These results, including
seizure control in particular, indicate overall improvement in
epilepsy management.
In the past, the effectiveness of epilepsy surgery was measured
predominantly in terms of seizure reduction. In addition to seizure
reduction, developmental and cognitive function,16,20 including
motor abilities8,9,16,23 and language function20,25 tend to be
evaluated with increasing frequency as additional outcome
measures, in particular due to their inﬂuence on the quality of
life. The level of satisfaction of the parents with the surgical
procedure supports this hypothesis in our series.
Our data follow the tendency of paediatric epilepsy treatment
in general, in which an assessment of daily activities and
participation in social life is more comprehensive and more
reﬂective of a patient’s needs than an assessment of the
impairments themselves.9,24 According to this concept, the target
of HS is an overall good outcome, including seizure frequency,
developmental measures and quality of life.
5. Conclusion
The favourable motor functional outcome is relevant because
the assessment of pre-surgical motor function continues to play a
role in the surgical decision making process. Considering that the
seizure outcome is good and that complications are manageable,
HS, which was once regarded as a radical intervention and the last
treatment resource, may become routinely indicated for refractory
lesional hemispheric epilepsy in children and adolescents.
References
1. Gonzalez-Martinez JA, Gupta A, Kotagal P, Lachhwani D, Wyllie E, Lu¨ders HO, et al.
Hemispherectomy for catastrophic epilepsy in infants. Epilepsia2005;46:1518–25.
2. Basheer SN, Connolly MB, Lautzenhiser A, Sherman EM, Hendson G, Steinbok P.
Hemispheric surgery in children with refractory epilepsy: seizure outcome,
complications, and adaptive function. Epilepsia 2007;48:133–40.
3. Obeid M, Wyllie E, Rahi AC, Mikati MA. Approach to pediatric epilepsy surgery:
state of the art. Part II. Approach to speciﬁc epilepsy syndromes and etiologies.
European Journal of Paediatric Neurology 2009;13:115–27.
4. Devlin AM, Cross JH, Harkness W, Chong WK, Harding B, Vargha-Khadem F,
et al. Clinical outcomes of hemispherectomy for epilepsy in childhood and
adolescence. Brain 2003;126:556–66.
5. Vining EP, Freeman JM, Pillas DJ, Uematsu S, Carson BS, Brandt J, et al. Why would
you remove half a brain? The outcome of 58 children after hemispherectomy—the
Johns Hopkins experience: 1968 to 1996. Pediatrics 1997;100:163–71.
6. Peacock WJ, Wehby-Grant MC, Shields WD, Shewmon DA, Chugani HT, Sankar
R, et al. Hemispherectomy for intractable seizures in children: a report of 58
cases. Child’s Nervous System 1996;12:376–84.
7. Jonas R, Nguyen S, Hu B, Asarnow RF, LoPresti C, Curtiss S, et al. Cerebral
hemispherectomy: hospital course, seizure, developmental, language, and
motor outcomes. Neurology 2004;62:1712–21.
8. Kossoff EH, Vining EP, Pillas DJ, Pyzik PL, Avellino AM, Carson BS, et al.
Hemispherectomy for intractable unihemispheric epilepsy etiology vs out-
come. Neurology 2003;61:887–90.
9. van Empelen R, Jennekens-Schinkel A, Buskens E, Helders PJ, van Nieuwenhui-
zen O, Dutch Collaborative Epilepsy Surgery Programme. Functional conse-
quences of hemispherectomy. Brain 2004;127:2071–9.
10. Palisano RJ, Hanna SE, Rosenbaum PL, Russell DJ, Walter SD, Wood EP, et al.
Validation of a model of gross motor function for children with cerebral palsy.
Physical Therapy 2000;80:974–85.
11. Eliasson AC, Krumlinde-Sundholm L, Ro¨sblad B, Beckung E, Arner M, Ohrvall
AM, et al. The Manual Ability Classiﬁcation System (MACS) for children with
cerebral palsy: scale development and evidence of validity and reliability.
Developmental Medicine & Child Neurology 2006;48:549–54.
12. Engel Jr J, Van Ness PC, Rasmussen TB, Ojemann LM. Outcome with respect to
epileptic seizures. In: Engel Jr J, editor. Surgical treatment of the epilepsies. 2nd
ed. New York: Raven Press; 1993. p. 609–21.
13. Cats EA, Kho KH, Van Nieuwenhuizen O, Van Veelen CW, Gosselaar PH, Van
Rijen PC. Seizure freedom after functional hemispherectomy and a possible role
for the insular cortex: the Dutch experience. Journal of Neurosurgery
2007;107:275–80.
A.P. Hamad et al. / Seizure 22 (2013) 752–75675614. Di Rocco C, Battaglia D, Pietrini D, Piastra M, Massimi L. Hemimegalencephaly:
clinical implications and surgical treatment. Child’s Nervous System
2006;22:852–66.
15. Flack S, Ojemann J, Haberkern C. Cerebral hemispherectomy in infants and
young children. Paediatric Anaesthesia 2008;18:967–73.
16. Lettori D, Battaglia D, Sacco A, Veredice C, Chieffo D, Massimi L, et al. Early
hemispherectomy in catastrophic epilepsy: a neuro-cognitive and epileptic
long-term follow-up. Seizure 2008;17:49–63.
17. O‘Brien DF, Basu S, Williams DH, May PL. Anatomical hemispherectomy for
intractable seizures: excellent seizure control, low morbidity and no superﬁcial
cerebral haemosiderosis. Child’s Nervous System 2006;22:489–98.
18. Terra-Bustamante VC, Inuzuka LM, Fernandes RM, Escorsi-Rosset S, Wichert-
Ana L, Alexandre Jr V, et al. Outcome of hemispheric surgeries for refractory
epilepsy in pediatric patients. Child’s Nervous System 2007;23:321–6.
19. Loring DW, Meador KJ. Cognitive side effects of antiepileptic drugs in children.
Neurology 2004;62:872–7.20. Pulsifer MB, Brandt J, Salorio CF, Vining EP, Carson BS, Freeman JM. The
cognitive outcome of hemispherectomy in 71 children. Epilepsia
2004;45:243–54.
21. Dijkerman HC, Vargha-Khadem F, Polkey CE, Weiskrantz L. Ipsilesional and
contralesional sensorimotor function after hemispherectomy: differences be-
tween distal and proximal function. Neuropsychologia 2008;46:886–901.
22. Choi JT, Vining EP, Mori S, Bastian AJ. Sensorimotor function and sensorimotor
tracts after hemispherectomy. Neuropsychologia 2010;48:1192–9.
23. de Bode S, Firestine A, Mathern GW, Dobkin B. Residual motor control and
cortical representations of function following hemispherectomy: effects of
etiology. Journal of Child Neurology 2005;20:64–75.
24. World Health Organization. International classification of functioning disability
and health. Geneva: WHO; 2001.
25. Lie´geois F, Morgan AT, Stewart LH, Cross H, Vogel AP, Vargha-Khadem F. Speech
and oral motor proﬁle after childhood hemispherectomy. Brain and Language
2010;114:126–34.
